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EFFECT OF CIRCUMFERENTTAL LOCATION ON ANGIE OF ATTACK PERFORMANCE OF
TWIN HATF-CONICAL SCOOP-TYPE INLETS MOUNTED SYMMETRICAILY ON THE
RM-10 BODY OF REVOLUTION

By Alfred S. Valerino, Donald B. Permington, and Donald J. Vargo

SUMMARY

v An experimental investigation to determine the effects of cilrcum-
ferentlal inlet locatlon on the performance of twin half-conical scoop-
type inlets with and without boundary-lasyer removal was conducted at
Mach numbers 1.49, 1.79, and 1.99 through an angle-of-attack range from
0° to 10°. Twin inlets were mounted symmetrically on the NACA RM-10
body of revolutlon at four clrcumferential locations &t the station of
meximim diameter.

Results indlicated that for positive angles of attack, higher pres-
sure recovery performance was obtalned wlith the inlets mounted on the
fuselage lower quedrants than on the upper quadrents. Increasing the
amount of boundary-layer removal from zero to complete removal resulted
In a slgnlficant Increase in critical pressure recovery as well as in
model minimum drag. These increases when applied to a complete missile
configuration indicated a substantlal gain in the net propulsive thrust
of the missile over the conflguration without boundary-layer removal.
At zero angle of attack, an unfavorsble interference drag caused
the minimum drag coefficlents of the configurations having inlets at
the 45° positions of the fuselage to be higher than those of the dia-
metrically opposlite inlet configurations.

INTRODUCTION

Much of the gvaellable data on the performasnce characteristics of a
gcoop-type slde Inlet have been obtained from investigations of inlets
mounted elther on flat plates or at fixed positions on & specific fuse-
lage. Because of the potential cross-flow effects snd the variable
boundary-layer thickness along the periphery of a fuselage at angles of
attack, significant effects on the angle-of-attack performance of an
inlet could result from changes in 1ts peripheral location.
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In order to evaluate the influence of cilrcumferential location on
the angle of attack performence of an inlet, an investigation was con- :
ducted in the NACA ILewis 8- by 6-foot supersonlc tunnel. A concurrent
investigation which was conducted at the Langley laboratory is reported
in reference 1.

Twin half-conical scoop-type inlets, mounted symmetrically at four
circumferential locations at the stetion of meximum diameter of the NACA
RM-10 body of revolution (ref. 2), were investigated at Mach numbers of
1.99, 1.79, end 1.49 through aun angle of attack range from 0° to 10°

with and without boundary-leyer removel shead of the inlets. Boundary—nr

layer removal was accomplished by employing 18° bypass wedges of heights
equal to and twlce the boundary-layer thickness at zero angle of attack.
The Reynolds numberebased on the model length sheed of the inlets was
approximaetely 1l7X10-.
SYMBOLS
The following symbols are used in this report:

A areg

total externsl drag coefficlient based on meximum frontel area
of each configuration

CD' total external drag coefficlent based on maximum frontal area
of configurstion with zero boundary-layer removal

CL external 1ift coefficient based on meximum frontel area of each
configuration

Cyu coefficient of extermal moments sbout station 45 of RM-10 body,
based on meximum frontel area of each configuration and over-
gll length of RM~10 body

D external drag force

h height of wedge spacer

h/8 boundery-layer paremeter

L external 1ift force
L/D lift-drag ratio

M Mach number

m mess flow

P totel pressure
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P! pitot pressure
X distance from cowl lip
¥ distance from cenmter line of fuselage to center line of duct at

duct exit station

o angle of attack

boundary-layer thickness

2] inlet circumferential location with respect to bottom of RM-10
body

Subscripts:

c projected inlet capture area

cr critical

L local

1 lip

0 free stream

2 diffuser discharge statlon, 17.5

APPARATUS AND FROCEDURE

A photograph and & schematic dlagrsm of the RM-10 twin~scoop inlet
configuration are presented in figures 1 and 2. Twin inlets located
gymmetricelly at four locations around the circumference of the RM-10
body at stetion 45 were investigatsed. The inlet positions were:
diametrically opposite at top and bottom of the fuselage (6 = O° and
180°, respectively), diametrically opposite in the horizontal plane
(6 = 90° and 270°), at the 45° positions of the fuselage upper quadrants
(6 = 135° and 225°), and at the 45° positions of the fuselage lower
quadrants (6 = 45° and 315°).

Details of the inlets are presented in figure 3. The inlets, which
had a total capture area of 21.7 percent of the basic fuselage frontal
ares, were designed so that the oblique shock generated by the 25° half-
cone centerbodies would fall slightly ahead of the cowl lip for the
locgl Mach number gshead of the inlets corresponding to a free-stream
Mach number of 2.0. Swept-back splitter plates of 78° included angle
heving thelr apexes glinsd with the tips of the cones were employed.

The floors of the inlets were designed to be parallel to the cilrcular

surface of the RM-10 body of riiiiin The resulting sherp corners
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at the cowl and splitter plate Jjunctions were eliminsted by use of
internal fillets. The corner fillets were tapered from zero radius at
the lip station to & 1/4-inch radius at inlet station 1 and remained
constant to inlet stetion 24.5. The cowling cross section was gradually
changed from a nearly sector-sheped section of 1.33-inch radius at the
lip station to a circular cross section of l.41-inch radius at the inlet
stetion 24.5. The ares varilation of the inlets is presented in figure 4.

The boundary-layer alr was bypassed arcund the inlets by position-
ing them radilally outward from the body and inserting the wedge-shaped
spacers of 16° included angle between the floors of the inlets and the
fuselage surface of the RM-10 body (see photograph, fig. 5). Wedge
spacers of 0.375-inch and 0.750-inch heights were employed to obtain the
boundery-layer parasmeters h/S of 1.0 and 2.0, respectively, as deter-
mined by preliminary flow surveys of the boundary layer at zero angle
of attack. These wedge spacers were alined with the tips of the swept-
back splitter plates (fig. 5). The thicknesses of the 0.375~inch and
0.750~-1nch bypass wedges were increased downstream of the 1lip station
to meintaln the alinement shown in the table of figure 2. The condition
of zero boundary-layer removal was obtained by placing the inlets directly
on the RM-10 body. With the zero boundary-layer-removal configuration,
spacers were used at the rear of the RM-10 body for alinement purposes.

A preliminery survey of the flow conditions at the inlet 1lip (ste~
tion 45 of the RM-10 body) was conducted to determine the boundaery-layer
thickness around the circumference of the RM-10 body. The results of
this survey are presented as contour maps in figures 6 and 7. Iocal %o
free-stream total-pressure ratios at zero angle of attack are presented
in figure 6. The boundary-leyer thickness & at zero angle of attack
was estimeted to be 0.375 inch at free-stream Mach numbers of 1.99 and
1.49. The local Mach number at the lip station, corresponding to the
free~-stream Mach number of 1.99, was approximately 2.06. Angle of
attack results are presented in figure 7 as contour maps of locel pitot
to free-stream total-pressure ratlios. As would be expected, the boundary-
layer thickness &, represented by the dashed lines, increased along the
upper surface and decreased along the lower surface of the RM~10 body &s
the angle of attack was increased. The lobes, attributed to separation
&g reported in references 2 and 3, were cbserved at 8° and 10° angle of
atteck. However, smell effects of separation were found at 4° angle of
attack. The inlet positions for the h = 0.375 inch configurations
are superimposed on the figures to indicate the emount of boundary layer
entering the 1nlets. . : :

The mess flow through the inlets was varled by means of remotely
controlled plugs attached to the model sting. A three component inter-
nal strain gage balance, located at station 45, was used to meesure the
axial forces on the model but not the forces acting on the plugs.
Moments and normal forces were also meesured.by the strain gage balance.

Pressure instrumentation consisting of 18 total-pressure tubes and
4 wall stetlc orifices in one inlet and 4 wall static orifices in the

"i§2§§;2§§1;" 5
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other inlet wes located &t inlet station 17.5 The gverage total pres-
sure et inlet station 17.5 was determined by an area welghting method
and was used to calculate the mess flows based on a choked exit at the
control plugs. The mass flows presented sre those obtained from the
inlet having total-pressure instrumentation. Eight static orifices
located on the bese of the configuration were used to determine an
average base pressure.

DISCUSSION OF RESULTS

The mass flow, pressure recovery, and drag characteristics of the
inlet configurations are presented for free-stream Mach numbers of 1.99,
1.79, and 1.49 in figures 8 to 1l1. The mass-flow ratio is defined as
the ratio of the mass £low entering the inlet to the mass flow passing
through & free-stream tube area equal to the projected capture ares of
the inlet. The dreg is defined as the strain gage balance force minus
the thrust developed minus the base Fforce. The intermal thrust is &
result of the change of momentum of the air passing through the inlet
from free stream to inlet station 24.5. Base forces were computed from
the base area and the average base pressures. Since the configurations
investigated did mot include wings or an afterbody, the drag coeffi-
clents at angles of attack are presented primarily to indicete the
megnitude of the additive drags associated with the inlets. The drag
characteristics of the configuration with inlets having different mass
flows at engles of attack (inlets at 6 = 0° and 180°) are presented as
& function of diffuser discharge Mach number M.

For & fixed wedge height configuration at all Mach mmbers, scatter
in mass-flow ~ pressure recovery charscteristics was obtained with
chenges in inlet circumferential location (see figs. 8 to 11). This
scatter, which could not be explained, was predominant with the h =
0.750 inch configuration. The mass flow, pressure recovery, and drag
characteristics were plotted against diffuser discherge Mach number Ms

as an aid In determining the critical values shown in figures 8 to 11.

The mass-flow range for stable operation st 0° angle of gattack was
approximately 11 to 17 percent at a free-stream Mach number of 1.99,
regardless of the wedge height. At angles of attack, the stable renge
vas generglly increassed as the wedge height was increased. TIargest
stability range at amngles of attack was obtained when the inlets were
located &t either the bottom or top positions (6 = 0° end 180°).

Zero Angle of Attack

The effects of the boundary-layer bypass wedge height on the crit-
ical values of the characteristics of the inlet configurations at zero
angle of attack are summarized in figure 12. Since the only boundsry-
layer paraemeters h/® investigated were 0, 1.0, and 2.0, the exsct
trends of the curves are not known and therefore dashed curves are used.
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With the zero boundary-layer-removal configurations, extremely low
pressure recoveries were obtained. As h/® was increased to 1.0, sub-
stantial iluncreases in critical pressure recoveriss occurred. For example,
at a Mach number of 1.99, an improvement of 27 percent of free-stream
total pressure was observed. Thils Incresse in critical pressure recovery
corresponds to approximately a 32 percent Increase in the thrust of a
turbojet engine. Insignificant geins in critical pressure recovery were
realized at a Mach number of 1.99 as h/8 was increased from 1.0 to 2.0.
Each incresse in h/8, however, resulted in .increases in the critical
mass-flow ratios.

2978

Iwo drag coefficients are présented in figure 12; Cp, which is
based on the maximum cross sectlional ares of each configuration, and
Cp', which is based on the meximum cross sectionmal aree of the h = 0
configuration. Each incregse in 'h/S resulted in increased dreag
coeffiolent Cp for all inlet configurations with the exception of those
with inlets in the 45° positions. For these configurations, the drag
coefficient remained essentially constant ae h/8 was increased from -
1.0 to 2.0. Because of gn unfeavorable interference drag, the drag -
coefficlents Cp of the configurations with inlets at the 45° positions
of the fuselage were hlgher than those of the confilguretions having inlets
dlametrically opposite. The largest interference drag was obtained with
the h/8& = 1.0 configurations. At & Mach pumber of 1.99 and h/8 = 1.0,
the minimum drag coefflcient Cp of the configurations having inlets at
the 45° positions was approximately 1l percent hlgher than those of the
diametrically opposite Inlet configurations.

The net drag penaslty assoclated with increesing the bypass wedge
height, represented by the Cp' plot, Increased with increasing h/8
regerdless of the Inlet locatlon. This would be expected because of -
the increase in configuration fromtal area. At & Mach number of 1.99,
for the configurations heving inlets diametrically opposite (8 = 0° and
180° and 8 = 90° and 270°), the model minimum dreg of the h/8 = 1.0
configuration wag gpproximetely 25 percent higher than that of the h/S
= 0 configuration. Increasing h/8 from 1.0 to 2.0 resulted in a 12
percent increase 1n the model minilmum dreg over that of the h/6 = 1.0
configuration. The 25 percent rise in minimum drag of the configura-~
tilons having dlametrically opposite inlets, due to complete boundary-
layer removal, corresponds to epproximately & 7 percent increase in the
minimum cruise drag of & typlcael missile such as reported in reference
4, At Msch number 1.99, with the configurations having inlets mounted
at the 45° positions of the fuselage (6 = 135° and 225° and 6 = 45° and
3150), the model minimum drag of the h/8 = 1.0 configuration was 33 T
percent higher than that of the h/8 = 0 configuration. As the h/d
wag increased to 2.0, the model minimum drag pemalty was 4 percent of _ )
the minimum drag of the h/8 = 1.0 configuration. _ el
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Angle of Attack

The effect of angle of attack on the critical pressure recoveries
of the inlet configurations is presented in figure 13. These data will
be discussed according to inlet position.

Inlet mounted at 6 = 0°. - At each Mach number and for each wedge
height configuration, the highest pressure recovery performance through-
out the angle of attack range was obtained with the inlet located gt the
bottom of the fuselage (6 = O°). With the h = O configuration, the
criticel pressure recovery increased with increasing angle of gttack
primarily because of the decrease in boundary-layer thickmess. Although
substantial increases in criticsl pressure recovery resulted with
incressing aengle of gttack, the magnitudes of the critical pressure
recoveries were still significantly lower than those obtained at zero
angle of attack with the configurations utilizing boundary-layer removel.
The critical pressure recoveries of the h = 0.375 and h = 0.750 Inch
configurations remsined relatively constant with increasing angls of
attack because the inlets at 6 = 0° were always operating at h/8
greater then unity (see fig. T).

Inlets mounted at 8 = 45° and 315°. - The second highest pressure
recovery performence was obtained when the inlets were located at the
45° positions of the fuselage lower quadrants. With the h = 0 con-
flguration, the critical pressure recoveries increased as the angle of
attack was increased to 3° and then remained essentially constant. With
the configurations utilizing boundary-layer removal, the critical pres-
sure recoveries decreased with incressing angle of attack. However, the
losses in the critical pressure recoveries of the h = 0.750 inch con~
figuration at the higher angles of attack (6° and 10°) were approximately
one-hglf those obtained with the h = 0.375 Inch configurstion. These
angle of attack losses were probgbly due to the cross flow effects. Thus
significant pressure recovery losses at angles of gttack might be reduced
by moving the inlets outward from the body flow field.

Inlets mounted at 6 = 90° and 270° and at 6 = 135° and 225°. -
Iarge drops in critical pressure recoveries with increasing sngle of
attack resulted with ell configurations having inlets at 6 = 90° and
2"{0o and at 6 = 135° and 225°. However, gelns in the critical pressure
recoveries at angles of attack were realized with each lncrease in the
smount of boundary layer removed.

It should be noted that if the inlets located at the upper and
lower 45° positions and in the horizontel plene were canted with
respect to the fuselage, the large losses in the pressure recoveries
suffered at angles of attack could bhe decreased.
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Tnlet mounted at 6 = 180°. - With the inlet located at the top of
the fuselage, slgnificant losses in critical pressure recoveries resulted
up to 30 angle of attack with the h = 0 configuretion and up to 6° .
engle of gttack with the h = 0.375 and 0.750 inch configurstions. =
As the angle of attack was further lncreased, the performance of the
configurations was improved by the preseuce of the body "separation
lobes" which allowed more high-energy alr to enter the inlets (=ee
fig. 7). At 10° angle of attack, the critical pressure recoveries of
the h = 0 configuration were neerly equel to or slightly greater than
those at 0° angle of attack. However, the critical pressure recoveries
remained low, never reaching the magnitude of the critical pressure
recoveries of the confilguratlions operating with boundery-leyer removal
and at 0O° angle of attack.

2978

The effects of angle of attack on the externael 1ift coefficlent
end lift-drag ratio of each inlet configurstlion are presented in figures
14 gnd 15. Although the ebsolute values of the 1lift coefficients and _
lift-drag ratios presented are not applicable for a complete mlssile —
configuration, the plots are indicative of the trend that can be expected )
when the inlet circumferentisl location is changed. The externsl 1lift
18 defined as the difference between the measured value and the computed
value of the internal 1lift component of the momentum of the inlet mass
flow. The 1ift coefficlents were essentially independent of mass flow
and boundary-layer wedge height. The highest 1ift coefflcients at
engles of attack were obtained with the configurstion having inlets
located at O = 90° and 270°. In order to teke advantage of this high
1ift, however, the pressure recoveries of inlets located at 6 = 90° -
and 270 would have to be less sensitive to changes in angles of attack
than_ these inlets investigated. The configuration with inlets at 6 = o°
and 180° (top and bottom) had the lowest 1ift coefficients at angles of
attack. Similarly, the highest and lowest 1lift-drag retios at critical
mess flows (fig. 5) of the h = O. 375 inch conflguretion were obtained
with the inlets located et 6 = 90° and 270° and at 6 = 0° gnd 180o
respectively. There was very little to be gained in lift-drag ratios
by selecting one configuration with inlets at the 45° positions over the
other.

The effect of.angle of attack on the externsl moment coefficients -
at criticel mess flows of the h = 0.375 inch configurstion is presented
in figure 16. The external moments presented were computed by subtracting
the moments due to the bgse forces and intermsl thrusts from the messured
moments at station 45 of the EM-10 body. ’ -

It wes found thet the external moment coefficients of the configu~ -
ration having inlets at 6 = 0° and 180° remained essentielly constent
with mess flow throughout the angle of attack range. With the inlets a
mounted at 6 = 90° and 270° and at 6 = 135° and 225°, the externsal
moment coefficient generslly decreased with decreasing mass flows. For
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the configuration having inlets mounted at 6 = 45° and 315° the exter-
nal moments at all angles of attack except 10° increased slightly with
decreasing mass flows. At 10° angle of attack, the moments decreased
with decreasing mass flows.

SUMMARY OF RESULTS

The following results were obtained from an investigation to deter-
mine the effects of inlet cilrcumferential location on the angle of attack
performance of twin half-comical scoop-type inlets with and without
boundary-layer removal mounted gt four circumferential positions at the
gtation of maximum dlameter of the NACA RM-10 body of revolutions

1. The highest pressure recovery performance resulted with the
inlet located at the bottom of the fuselage. This location was the
only inlet position not adversely affected by incresses in angle of
attack. The critical pressure recoveries of the inlets utilizing
boundary-layer removal remsined essentially constant with increasing
angle of attack. With the zero boundary-lsyer-removal configuration,
the critical pressure recoveries, which were extremely low, increased
substantially with increasing angle of attack but never reached the
zero angle of attack critical pressure recoveries of the inlets utiliz-
ing boundery-layer removal.

2. The second highest pressure recovery performence wes obtained
with the twin inlets located at the 45° positions of the fuselage lower
quadrants. Moving the inlets to the top of the fuselage resulted in
progressively larger angle of gttack losses in the critical pressure
recoveries except for the inlet mounted at the top of the fuselage.

For this exception, the pressure recovery losses were reduced st the
higher angles of attack.

3. As the boundary-layer bypass wedge height was increased from O
to the value equal to the boundary-layer thickness at zero angle of
attack, significant gains In pressure recovery were obtalned at any
angle of attack with all inlet configurations. Increasing the wedge
height from the boundary-layer thickness to twice the boundsry-layer
thickness resulted in substantial improvements in the angle of attack
performance of the inlets located in the upper quadrants of the fuse-
lage. With the inlets located at the 45° positione of the fuselage
lower quadrants, substantial gains were evident only at the higher
angles of attack (6° and 10°). For the inlet at the bottom of the
fuselage, no significant galins resulted at Mach numbers of 1.99 and
1.49.
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4. At a Mach number of 1.99 and zero angle of attack, increasing
the bypass wedge height from O to the boundary-layer thickness resulted
in a gsin in critical pressure recovery equal to 27 percent of free-
stream total pressure. Thls increase corresponds to approximately a
32 percent increase in the thrust of a turbojet engine. Accompanying
this increase in critical pressure recovery_was a 25 percent increase
in model minimum drag for the confilgurstions having inlets mounted
dismetrically opposite. This model drag penalty would correspond
to epproximetely a 7 percent increase in the cruise drag of a
migsile configuration. When the inlets were located at the 45° position
of the fuselage upper and lower quadrants, the model configuration drag
was increased 33 percent because of complete boundary-layer removal.
Increasing the wedge height from 1 to 2 boundary-layer thicknesses
resulted in insignificent gailns in the zero angle of attack critical
pressure recovery and 12 percent and 4 percent drag penalty for the

igurationeg heving diametrically opposite inlets and inlets at the
45 positions, respectively.

5. Higher model minimum drag coeffilcients at zero angle of attack
were obtained with the configurations heving inlets mounted at the 45°
positions than with the configurations having inlets mounted dia-
metrically opposite.

lewis Flight Propulsion leboratory
National Advisory Committee for Aeromsutics
Cleveland, Ohio, July 21, 1953
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(b) Free-stream Mach number, 1.79.

Effect of angle of attack on critical pressure recovery.
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